Abstract: A translational landslide comprising nearly horizontal sand and mud interbed was 9 widely developed in the Ba river basin of the Qinba-Longnan mountain area. Scholars have 10 conducted theoretical research on this rainfall-induced landslide; however, owing to the lack of 11 landslide monitoring engineering and data, demonstrating and validating the theoretical research 12
time, the sliding soil, which is expanded by water, leads to a slip between nearly horizontal layers 48 (Yin et al., 2005) . The other perspective is the hard rock layer covered by the upper layer, such as 49 granite and sandstone, has a crushing effect on the lower weak rock layer, thereby causing the 50 rock mass to expand laterally to form a landslide (Cruden et al., 1996; ЕМЕЛЬЯНОВА, 1986) . 51
Regarding the theoretical study on rainfall-induced translational landslide, domestic and 52 foreign scholars have used physical simulation experiments, mechanical model analysis, and 53 satellite remote-sensing methods to investigate the genetic mechanism, initiation criteria, and 54 sensitive safety factors. Fan Xuanmei et al. (2008) reproduced the deformation and failure process 55 of landslides through physical simulation, and verified further the formation mechanism and 56 starting criterion formula of the flat-push landslide studied previously by Zhang et al. (1994) . 57 Sergio et al. (2006) focused on the influence of pore-water pressure on the stability of 58 rainfall-induced landslides, and studied soil failure model based on pore-water pressure by 59 simulation experiment. Mario et al. (2008) and Teixeira et al. (2015) selected rainfall data from 60 historical heavy rainfall condition, and used physical experiments to establish an optimization 61 model for rainfall-induced landslide initiation criteria for landslides in the southern Apennines and 62 shallow landslides in northern Portugal; the researchers also evaluated landslide susceptibility and 63 safety factors to evaluate the possibility of landslide resurrection induced by rainstorm. Barlow et 64 al. (2003) and Martin et al. (2005) used US land satellite ETM+ and DEM data to detect the 65 residues of translational bedrock landslides in alpine terrain. Jessica et al. (2018) used resistivity 66 imaging to investigate the Montaguto translational landslide in the southern part of the Apennines; 67 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-133 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. the researchers also established a refined geometric model to observe the lithologic boundaries, 68 structural features, and lateral and longitudinal discontinuities associated with sliding surfaces. 69
Through the data collation and analysis of the current research status of the translational 70 landslide, domestic and foreign scholars have conducted further research on the formation 71 characteristics and genetic mechanism of translational landslides. Certain physical data models 72 have been established by using historical data on rainfall, and physical simulation experiments 73 have been conducted in the laboratory to verify the damage model. However, the actual 74 engineering cases of on-site monitoring for this type of landslide have not been observed in 75 domestic and foreign studies. Therefore, the research on translational landslide lacks monitoring 76 engineering and measured data on landslide physical parameters, such as trailing edge crack width, 77 real-time rainfall, pore-water pressure, and groundwater level. Thus, demonstrating and validating 78 the deformation and failure mode of the translational landslide in the theoretical analysis is 79
difficult. 80
Based on the formation mechanism of the translational landslide established by previous 81 studies, this paper combines the work results of the geological hazard investigation in the Ba river 82 basin of Qingba-Longnan mountain area. This study selected a typical and special translational 83 landslide (the Wobaoshi landslide) in the working area and adopted field survey, long-period 84 monitoring methods (February 2015 to July 2018 
General Situation of the Wobaoshi Landslide

91
The Wobaoshi landslide is located in the Ba river basin in the Qinba-Longnan mountainous 92 area. Its specific location is in Baiyanwan village, Sanhui town, Enyang district in Bazhong city. 93 section of the river, and the left boundary gully is located on the concave bank on the left bank of 96 the river. The landslide area is classified as a red-bed layer in a low mountainous area, the 97 vegetation of the sliding body is dense, and geomorphic unit is cuesta structural slope. The 98 geological structure of the landslide body is in the south side of the Nanyangchang anticline, and 99 the stratum is the mudstone and sandstone interbed of the Penglaizhen Formation of upper Jurassic 100 series (Chen et al., 2015) . 101
Landslide Characteristics and Forming Conditions
115 116 1.2
.1 Landslide Characteristics 117
According to the satellite remote-sensing interpretation and landslide survey, the shape of the 118 sliding body is a flat long rectangle on the plane. Its longitudinal (sliding) direction is nearly 32 m, 119 the lateral width is 160 m, the average thickness of the sliding body is approximately 30 m, and 120 the volume is approximately 1.536 × 105 m3. It belongs to small-to medium-sized landslides 121 according to the scale size. The sliding direction of the landslide is 249°, and the overall 122 occurrence of the rock formation is 170°-180° ∠6°-8°. The strike is nearly parallel to 123 the overall trend of the bank slope, which is a typical nearly horizontal consequent bedding rock 124 slope. Fig. 2 shows a planar graph of the Wobaoshi landslide and photographs of four observation 125 points. 
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Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-133 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. As Fig. 2 shows, the landslide shape is special, the longitudinal length is much less than the 134 lateral width and even smaller than the thickness of the sliding body. Therefore, it can easily be 135 mistaken for a multi-stage dangerous rock mass with dumping deformation during the disaster 136 investigation. According to Fig. 3 , the inclination of the landslide is almost erect, and a group of 137 long and straight structural planes that are parallel to the slope cuts the slope into two thin plates 138 (sliding bodies I and II), the surface structure of the slope has a certain degree of aperture, both 139 sides of the crack are closed, and the bottom of the crack is filled with clay with gravel and 140 collapse deposits. 141
Forming Conditions 142
The sliding body of the Wobaoshi landslide formed two obvious cracks from the outside to 143 the inside, which cut and disintegrated the sliding body into plate-shaped blocks from front to 144 back, as shown in the photographs of observation points c and d in Fig. 2 As the photo of observation point c in Fig. 2 shows, bent trees grow on the trailing edge of 154 the landslide bodies I and II. The trees on the landslide are skewed with the soil mass sliding, and 155 after the sliding stops, the upper part of the trunk turns to the upright state year by year. The 156 existence of bent trees represents the tendency of the slope body to become unstable or the 157 existing landslide accumulation body tends to slide again, and it is also the historical evidence of 158 the slow sliding of the landslide (Zhang Lizhan et al., 2015) . 159
As the photo of observation point a in Fig. 2 shows, the shallow surface of the Wobaoshi 160 landslide is a 2-3 m thick layer of collapsed and plowed soil. The sliding body is composed of 161 extremely thick sandstone with good integrity, and the bottom sliding surface is a weak interlayer 162 consisting of silty mudstone. In summary, the Wobaoshi landslide is a typical and special 163 translational landslide, and according to the characteristics of its plate-shaped body, it can be 164 considered a plate-shaped landslide (Fan et al., 2008; Xu et al., 2009) . 
The Long-period Monitoring Scheme
174
According to the detailed investigation of the Wobaoshi landslide, two cracks extend through 175 the sliding surface at the trailing edge of the landslide, and the pore-water in the cracks exists in 176 the condition of heavy rain. As the hydrostatic pressure in the cracks strongly influences the 177 stability of the plate-shaped landslide (Fan Xuanmei et al., 2008; Guo Xiaoguang et al., 2013) , 178 rainfall and pore-water pressure was conducted from February 2015 to July 2018 to determine the 179 landslide state in different periods such as rainy and non-rainy seasons, as well as the interaction 180 between multilevel plate girders and sliding surface, in the nearly three-and-a-half-year period of 181 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-133 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. frequency of the crack width is three times a day, the monitoring frequency of the pore-water 199 pressure is two times a day, and the rainfall intensity adopts the accumulative value of one month. 200
The multi-parameter monitoring data is transmitted to the monitoring server through the GPRS 201 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-133 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
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Based on the comprehensive comparison and analysis of the data curves in Figs. 6 and 7, this 224 study concludes that the Wobaoshi landslide is still in creep deformation state, and the 225 plate-shaped sliding body exhibits a regular trend with the change of rainfall intensity and 226 pore-water pressure. Crack I and crack II show a preferable water-storage capacity during the 227 rainy season, and the increase of the pore-water pressure affects the crack width variation. The 228 specific analysis is as follows: 229
(1) A clear correspondence exits between the absolute amount of crack width change and 230 season change (rainfall intensity), the magnitude of the rainfall intensity determines the change of 231 the width of the two cracks. As Fig. 6 shows, the width of cracks I and II widen as the rainfall 232 intensity increases during the rainy season (May to September), and the crack width gradually 233 shrinks as the rainfall intensity weakens during the non-rainy season (October to April in the next 234 year). As Fig. 8 indicates, the maximum width of crack I reaches 6.615 m, and the absolute 235 stretching amount of this crack is close to 1 m in July-August 2017 (monthly rainfall exceeding 236 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-133 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. (2) The width of cracks I and II tend to increase year by year, indicating that the two-stage 244 sliding body of the Wobaoshi landslide is still moving along the sliding surface due to the 245 influence of rainfall. In Fig. 6 , the measured data in the monitoring period indicate that the 246 minimum width of crack I and II is gradually increasing, and the maximum value is affected 247 greatly by the rainfall intensity during a particular month. 248 (3) Fig. 7 shows that the stretching of crack I and crack II or both have the same tendency as 249 the pore-water pressure or that the magnitude of pore-water pressure determines the width 250 variation of the cracks. Fig. 7 also shows that the water-storage capacity of crack I is good during 251 the rainy season, and after the sliding body slides, it can maintain a certain pore-water level due to 252 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-133 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
Model Establishment and Stability Calculation 259
Aiming at the genetic model of the evolution process of the Wobaoshi landslide, the 260 mechanical model of the plate-shaped sliding body is established and the stability is calculated， 261 and combined with the monitoring data for comparative analysis. According to previous findings, 262 when many penetrating cracks are parallel to the slope in the rock mass, after the cracks are filled 263 with water at the same time, the water pressure on both sides of the plate-shaped body are 264 basically in a balanced state except for the outermost body. However, once the outer body slides, 265 due to the sudden decrease of the pore-water level in the trailing edge crack, the water pressure 266 immediately following the plate-shaped body becomes unbalanced, and new sliding damage is 267 generated (Fan, 2007; Xu, 2008) . Therefore, for the failure mode of the two-stage plate girders of 268 the Wobaoshi landslide, this study selects a typical section of the plate-shaped sliding bodie and 269 establishes the mechanical model, as shown in Fig. 9 . First, this section carries out stability 270 analysis of the outer layer plate girder II, and then analyzes the inner plate girder I. 271
272
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In formula (1), c is the internal cohesion in sliding surface, γr is the saturated gravity of 283 sandstone, γw is the gravity of water, and W = H•L•γr. K2 is set to 1, that is, the plate girder II is set 284 in critical sliding state (GB/T 32864-2016 (GB/T 32864- , 2017 , and calculation formula (2) 
According to the triaxial confining pressure experimental data of rock core of the Wobaoshi 288 landslide (Chen et al., 2015) , the internal friction angle of the sliding surface θ = 11.2°, the 289 saturated gravity of sandstone γr = 19.2 kN/m 3 , the gravity of clear water γw = 9.8 kN/m 3 , and the 290 internal cohesion of the sliding surface c = 10.2 kPa. According to the sectional graph of the 291 
hcr2=13.896m. 293
On the basis of stability analysis of the plate girder II, combines with formula (1), formula (2) 294 and Fig. 7 , the calculation formula of the stability coefficient K1 of the inner layer plate girder I is 295 expressed as formula (3). And h ' 2 = h2-Lc2sinα, Lc2 = 3.8m, therefore, h ' 2 = 13.499m. 296
Similarly, K1 is set to 1, and in the plate girder I, H1 = 38m, L1 = 12m, α = 6°, h ' 2 = 13.499m, 298 therefore, the maximum pore-water level hcr1 of the plate girder I can be calculated by using the 299 formula (3), and hcr1=17.249m. 300
The preceding calculation results show that when the pore-water level at the trailing edge of 301 the plate girder reaches the maximum height at which the landslide starts, that is, when the 302 hcr1=17.249m, hcr2=13.896m, the pore-water pressure triggers the plate-shaped sliding bodies. The 303 next section aims to verify the pore-water monitoring data, which are acquired by the landslide 304
monitoring. 305
The pore-water monitoring data in Section 2.2, which is acquired by the landslide monitoring 306 engineering is used to test the calculating formula of the maximum height of multi-stage plate 307 girders, hcr. According to the monitoring data of pore-water pressure and installation depth of the 308 sensors, the actual maximum height value hc1 and hc2 of the pore-water level have been calculated 309 in attached Table 3 . Combined with the change of the absolute stretching amount in Fig. 8 typical data of the measured pore-water level is selected, which corresponding to sudden change 311 of the absolute slippage (see Table 3 for details), as shown in Figure 10 . 
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The dotted box in Fig. 10 represents the value of pore-water level when the sliding body is 317 sliding, that is, the maximum pore-water level, h ' cr , which causes the sliding body to be unstable. 318
Then compare the h ' cr (measured) in Fig. 10 with the relationship between the pore-water level, h, 319 and stability coefficient of the plate girder, K, in formula (1) and formula (3), which is shown in 320 
325
In Fig. 11 , the curves of relationship of h-k represent formula (1) and formula (3). The 326 frequency of h ' cr(measured) in Fig. 11 shows that most of the monitoring pore-water levels are not 327 bigger than the theoretical calculations. The Wobaoshi landslide monitoring example shows that in 328 most cases, when h ' cr(measured)≤hcr (theorical), the pore-water pressure will cause the instability 329 of the sliding body. 330
Numerical Simulation of the Plate-shaped Sliding Bodies
331
The numerical simulation and calculation of the plate girder is carried out by MIDAS GTS 332 NX geotechnical finite element software. Firstly, the 1:1 sliding body model in Fig. 9 is 333 introduced into the finite element software, and mechanical parameters of the sliding body model 334 are shown in Table 4 . The boundary conditions are set as follows: 335
(1) Displacement boundary: the left and right boundaries constrain the X direction 336 displacement, TX = 0; the bottom boundary: constrain the X and Y direction displacement TX = 337 TY = 0; 338 (2) Seepage conditions: set the water level at the left and right boundaries to be 342m and 339 275m respectively. 340
The typical data of pore-water level in Table 3 is introduced into the finite element model, 341
and then numerical calculations are performed to obtain typical deformation and displacement 342 states of the plate-shaped sliding bodies in the rainy season and non-rainy season, as shown in Fig.  343 
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Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-133 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. The initial displacement state in Fig. 12(a) is set to zero for the following analysis; Figure 12 plate-shaped sliding body and is generally formed in an extremely thick sandstone slope with a 363 thin cover layer, is nearly horizontal and has good integrity. According to the traditional theory of 364 granular equilibrium limit, deformation or sliding movement of this nearly horizontal bedrock 365 slope is almost impossible, and the likelihood of forming a landslide is minimal. However, in the 366 investigation of geological hazard hidden dangers, a special structure of translational landslide 367 occurs in the red-bed zone of the Qinba-Longnan mountainous area. Owing to the dense 368 population and large infrastructure in the working area, the plate-shaped landslide is characterized 369 by large volume, concealment, and sudden and strong destructive ability. The collapse is often 370 considered to be small-scale and its danger is ignored. Therefore, in the investigation and risk 371 assessment of geological hazards, the characteristics of the plate-shaped landslide and the 372 deformation and failure mode should be combined to detect the hidden dangers with the 373 geological conditions of the landslide. Combines the results of predecessors, discussion of this 374 paper is shown in the following three aspects. 375
Deformation and Failure Mode Exploration of the Wobaoshi Landslide
376
The monitoring results of the Wobaoshi landslide in this case validate the rainfall-triggered 377 failure mode of the translational landslide (Zhang Yuyuan et al., 1994) , According to the landslide 378 monitoring data and the numerical simulation of the plate-shaped sliding bodies, the deformation 379 and failure mode of the landslide is obtained, which is shown in Fig. 13 . Fig. 13 shows 380 deformation of the plate-shaped sliding body of the Wobaoshi landslide during a monitoring 381 period (non-rainy season-rainy season-non-rainy season). As shown in Fig. 13(b) , a large amount 382 of rainfall causes the cracks to be filled with water in rainy season, when the pore-water level 383 reaches the maximum height at which the landslide starts, increased pore-water pressure has a 384 positive effect on the initiation of the plate-shaped sliding body (Fan Xuanmei et al., 2007) . When 385 the pore-water pressure rises to the threshold value, the plate-shaped landslide can be triggered. In 386 this monitoring case, the pore-water pressure can push the plate-shaped sliding body by nearly 1 m, 387 thereby resulting in the uplift of residential houses and highways in the leading edge. Therefore, 388
we can infer that one or more penetrability cracks should be parallel to the slope in the landslide 389 body. When the rainy season is approaching, the plate-shaped sliding body II begins to slide first, 390
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Monitoring data of the Wobaoshi landslide and numerical simulation of plate-shaped sliding body 401 also verify the deformation and failure mode of the plate-shaped landslide after occurrence (Xu et 402 al., 2010) . Year after year, the cracks at the bottom of the slab-shaped sliding body grow larger, 403 and the degree of inclination of the plate girder continues to increase. The degree of arching of the 404 front edge also increases, which causes the stability of the landslide to decrease continuously, 405 thereby posing a high risk for the houses and roads on the front edge of the landslide. 406
Determination of Maximum Pore-water Level hcr 407
The theoretical analysis and stability calculation of the mechanical model of the plate girder 408 is described in Section 4.1, along with the starting criterion for multi-stage sliding bodies of 409 translational landslide, that is, determination of the maximum water height in the crack, hcr, 410 al., 2010) . Therefore, the stability coefficient of the landslide decreases exponentially with the 415 increase of the water-filling height of the trailing edge crack (Fan, 2008; Xu et al., 2010) . 416
In this case, the formula for calculating the maximum pore-water level, hcr, deduced in 417 sliding surface also changes after the sliding of the plate girder. Thus, the inclination measuring 440 device should be installed in the sliding body, in order to verify the theoretical exploration of 441 deformation mode of the plate-shaped sliding body in non-rainy season in Fig. 13(c) . 
